08/24/04 TUE 15:32 FAX 281 834 1231 



ECLT FORMALITIES BPC 



@005 



0 261 785 

A3 



® EUROPEAN PATENT APPLICATION 

® Application number 87307234^ (g) Int CIA B01 J 23/62 , B01J 23/89 , 

_ C10G 35/09 

® DatB of flRng: 17.08^ 



J 



Europaisches Patentamt 
(3) European Patent Office 0 Publication number: 

Office europeen des brevets 



<g) Priority: 22.09.86 US 910099 


® App1ica»Tt: UOP INC. 


® Data of publication of application: 


25 East Algonquin Road 


Des Plalnes Itimols 60O17-5O17(US) 


30.03.88 Bulletin 88^13 


© Inventor Moser, Mark O. 


(§) Designated Contracting States: 


1665 Virginia 


AT BE CH DE ES FR OB OR IT LI NL $E 


Elk Grove Village Illinois 60007(US) 


@ Date of deferred publication of the search report: 


Inventor Lawson, Randy J. 


215 North Golfvlew Terrace 


11.01.89 Bulletin 89/02 


Palatine Illinois 60067{U3) 




® Representative: Brocld Peter William 




UOP Processes International inc. 48 




Leicester Square 




London WC2H 7LW(QB) 



® Hydrooarbon conversion with a trimetalllo catalyst 



@ A novel trimetallic catalyst composite comprises 
a refractory support having a rKnttlnal diameter of at 
least 850 microns, deposited on which is a 
uniformly-dispersed platinum component, a 
un'iformiyKiispersed tin component a halogen com- 
ponent, and a surface-Impregnated metal component 
selected from rhodium, ruthenium, cofc>alt, nickel, end 
iridium. When this catalyst composite is used in the 
conversion of hydrocarbons, and particularly In the 
refomiing of hydrocarksons at low pressures, there 
are significant improvements in activity stability oom- 
^ pared to catalysts of the prior art. 
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Hydrocartxm conversion with a trinietalllc catalyst 



© A novel tnmetallic catalyst composite comprises a refractory support having a nominal diameter of at least 
650 microns, deposited on %vhkich is a uniformty<lispersed platinum component a uniformly-dispersed tin 
com pone');, a halogen component, and a surface-impregnated metal component selected from rhodium. 
ruthen;um. coDan. nickel, and iridrum. When iNs catalyst composite is used in the oonveraon of hydrocart)ons. 
and particularly m the reforming of hydrocarbons at kiw pressures, there are significant improvements in acU\Hty 
stabiiity compared to catalysts of the prior art. 
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"HYDROCARBON CONVERSION WITH A TRIMETALLiC CATALYS-T 



The subject of the present invention *s a novel trimetaJllc catalyst composite, which has exceptional % 
activity and re^stance to deactivation when employed in a hydrocart»n conversion process that requires a 
catalyst having both a hydrogenation-dehydrogenation function and a cracking function.^ , 
More precisely, the present invention provides a novel duaMunctlon trlmetalBc catatysl composite 
ff which, quite surprisingly, permits substantial improvements in hydrocarbon conversion processes that have 
traditionally used a dual-function catalyst. In another embodiment, the present invention provides improved 
hydrocarbon conversion processes using the novel catalyst composite, more specifically, an Improved 
refomiing process which employs th© novel catalyst exhibiting improved activity, solocllvfty; and staWlfty 
characteristics* 

JO Catalyst composites having a hydrogenation-dehydrogenation function and a cracking function are 
widely used today in many iiidustrles, such as the petroleum and petrochemical Industry, to accelerate a 
wide variety of hydrocarbon conversion reactions. Generally, the cracking function is thought to be 
associated wrth an acici-acting material of the porous, adsorptive. refractory oxide typo, wWch is typically 
used as the support or carrier for a heavy metal component, such as the metals or compounds of metals of 

Ts Groups V to VIII of the Periodic Table, which are generally considered to provide the hydrogenation- 
dehydrogenation function. 

These catalyst composites are used to accelerate a wide variety of hydrocart>on conversion reactions, 
such as hydrocracking. isomerization. dehydrogenation. hydrogenatlon. desulphurization, cyclization. al- 
kylatlon, polymerization, cracking, hydroisomerization, etc. In many instances, the commercial applications 
20 of these catalysts are in processes where more than one of these reactions proceeds simultaneously. An 
example of this type of process is reforming, wheran a hydrocarbon feed stream containing paraffins and 
naphthenes is subjected to conditions which promote dehydrogenation of naphthenes to aromatics, 
dehydrocycllzaiion of paraffins to aromatics, isomerizatlon of paraffins and naphthenes, hydrocracking of 
naphthenes and paraffins, and other reactions to produce an ocTane-rlch or aromatic-rich product stream. . 
25 Another example is a hydrocracking process, wherein catalysts of this type are employed to effect selective 
hydrogenalion and cracking of high molecular weight unsaturated materials, selective hydrocracking of high 
molacuiar weight materials, and other fike reactions, to produce a generally lower boilinfl, more valuatiie 
output stream. Yet another example is an Isomerization process, wherein a hydrocartion fraction, which is 
relatively rich in straight-chain paraffin compounds, is contacted with a duaHunction catalyst to produce an 
30 output stream rich in isoparaffin compounds. 

Regardless of the reaction involved, or the particular process Involved, it is of critical importance thai 
the dual-function catalyst shouW be able not only initially to perform its specitied functions, but also that it 
should be able to perfonn tiiem satisfactorily for prolonged periods. The analytical terms used In tiie art to 
measure how well a particular catalyst performs its intended functions In a particular hydro^bon reaction 
3S environment, are activity, selectivity and stability. For purposes of discussion herein, these temis are 
conveniently defined for a given charge stock as follows: 

(1) "activity" is a measure of the ability of the catalyst to convert hydrocartxin reactants into products 
St a specified severity level where "severity level" nr>eans the specific reaction conditions, e.g. the 
temperature, pressure, contact time, and the presence of diluents such as hydrogen; 
40 (2) "selectixflty" refers to the amount of desired product of products obtained relative to the amount of 

reactants charged or converted; 

(3) "stability" refers to the rate of change, witii time of the activity and selectivity parameters. 
Obviously, smaller rates imply a more stable catalyst. 

In a reforming process, for example, activity commonly refers to the amount of conversion that takes 
45 place for a given charge stock ai a specified severity level, and is typically measured by octane number of 
the C5- product stream: selectivity refers to the amount of C5' yield that is obtained at a particular activity 
level: and stability is typically equated to the rate of change of activity with time . as measured by octane 
number of G5* product, and of selectivity, as measured by Cs* yield. Actually, the last statement Is not 
strictly accurate in practice, because generally a continuous reforming process is ron to produce a constant 
50 octane C5- product, with severity level tseing continuously adjusted to attain ttiis result; and, furtinermore. the 
severity level Is for this process usually varied by adjusting the conversion temperature In the reaction zone 
so that. In point of fact, the rate of change of activity finds response in the rate "of change of conversion 
temperature and changes in this last parameter are customarily taken as indicative of activity, stability. 
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As is well known to those skilled in the art. the principal cause of observed deactivation or instability of 
a dual-function catalyst, when it is used In a hydrocarbon conversion reaction, is associated with the fact 
that coke forms on the surface of the catalyst during ^e course of the reaction. More specificaUy,. the 
conditions employed in these hydrocarbon conversion processes, typically result in the formation of heavy. 
9 $ high molecular waght, black, solid or semi-solid, carbonaceous material, which coats the surface of the 

catalyst and reduces Its activity by shielding its active sites from the reactants. In other words, the 
performance of this dual*function catalyst is sensitive to the presence of carbonaceous deposits on the 
surface of the catalyst. Accordingly, the major problem facing workers In this area of the art is the 
development of more active and selective catalysts that are not as sensitive to the presence of these 

10 carbonaceous materials, and/or have the capability to suppress the rate of formation of these cart>onaoeous 
materials on the catalyst surface. This sensitivity to formation of carbonaceous materials t)ecomes more 
important as practitioners of the art reduce pressure and increase the severity of processing units In an 
attempt to extract the maximum octane yield from a given, feedstock. Viewed In terms of performance 
parameters, the problem is to develop a dual-function catalyst having superior activity, eeiectlvlty and 

16 stability while operating at tow f>ressures. typically less than 125 psig (962 IcPa). 

Accordingly, the present invention is concerned with tt^ problems of providing an improved catalyst for 
the reforming of hydrocarbons, means of preparing the improved catalyst, and an improved catalytic 
reforming process for Improving th© anti-knock properties of a gasoline fraction. 

Accordingly. In a broad embodiment the present invention provides a catalyst composite for the 

20 conversion of hydrocarbons comprising a combination of a uniformly-dispersed platinum component, a 
uniformly-dispersed tin component, a halogen component, and a surface-impregnated metal compound 
sBlacted from rhodium, ruthenium, cobalt nickel, iridium, and mixtures thereof, with a refractory porous 
support having a uniform composition and a nominal diameter of at least 650 microns. 

In another embodiment the invention provides a method of preparing the catalyst composite compris- 

25 ing compositing tne platinum component the tin component the halogen component and the metal 
component on the porous refractory support such that said metal component is surlace^impregnated onto 
said porous refractory support and the platinum and tin components are uniformly dispersed In the porous 
refractory support. 

In yet another embodiment the invention provides a process for the catalytic reformir>g of a gasoline 

30 fraction naphtha to produce a high-octane reformate comprising contacting the gasoline fraction naphtha 
and hydrogen at reforming conditions v^th the above-defined catalyst composite. 

These, as well as other aspects and emt>odiment8. will become apparent upon review of the more 
detailed description ot the invention set forth below. 

Several catalyst composites relevant to the composition of the present inventton are disclosed in the art. 

35 but no reference or combination of references discioses ttie unique combination of components of this 
invention. US-A-3651167 discloses a catalyst composition tor the selective hydrogenatlon of C^-acetylenes 
using a catalyst comprising a Group VIII noble metal, preferably palladium, deposited on a refractory 
inorganic oxide carrier material, wherein said Group Vill noble metal is surface-impregnated. US-A-3651167 
is totally silent however, as to the advantageous use of a surface*impregnated metal in combination with 

40 uniformly-dispersed platinum and tin. Further, the catalyst Is preferably non-ackfic. which is in contradistinc- 
tion to the present invention wherein It is essential that a halogen component should be included in the 
catalyst composition. US-A-3840471 discloses a catalyst composition containing platinum, rhodium, and a 
base metal composited on an inert material, wherein tin may be chosen as one of a possible 25 base 
metals disclosed. The intended use of this catalyst is for the oxidation of organic compounds, specificaiiy 

45 the oxidation of engine or combustion exhausts. Further. US-A-3840471 does not even remotely suggest the 
beneficial effect of suriace-impregnated rhodium. 
4 Of particular interest is the catalyst disclosed in US-A-3898154. which discloses a catalyst composite 

comprising platinum, rhodium, tin, and a halogen on a porous carrier matarisi. It is essential, however, that 
the rhodium component is incorporated by any means known to result in a uniform dispersion thereof in the 
* 50 carrier material. A similar reference, US-A-3909394 discloses a catalyst composite comprising platinum, 

ruthenium, and a halogen on a porous supF>ort. Additionally, tt is disclosed that the catalyst may comprise a 
Group IVA metal component, tin being specifically disclosed as one of the possible metals. US-A-3909394. 
however, teaches that it is essential that the components thereof are unifonmly distributed throughout the 
porous carrier material. In particular < it is taught that the ruthenium component may be incorporated by any 

S5 means known to result in a uniform dispersion thereof in the carrier material. Accordingly, it can be seen 
that US-A-390B394 suggests the use of nithenium. platinum, tin, and hakjgen with a porous support, 
however, only when the ruthenium is uniformly distributed. By way of contrast, it has been discovered in the 
present invention that an improved catalyst is obtained when a metal component selected from rhodium: 

3 
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rulhenium. cobalt, nickel, or iridium Is non-uniformly dispersed. i.e.. surf ece-impregnated. Further, as the 
surpnsing and unexpected results of the Examplee- presented hereinafter show, a catalyst wth a surteoe- 
impregnated metal component demonstrates superior perfom^ance when compared to a pnor art catalyst 

having the same metal uniformly dispersed. 

5 The catalyst composite of the present InventJon comprises a unHormly disperwd platinum component, 
a uniformly dispersed tin component a halogen component and a surface-Impregnated metal componem 
selected from rhodium, ruthenium, cobalt, nickel. Iridium and mixtures thereof on a. refractory support 

having a nominal diameter of at least 650 microns. 

Accordingly, considering first the refractory support used in the present Invention. It is prefenred that ttre 
TO material be a porous. ads(»pttve, high-surface area support having a surface area of 25 to 500 ni^9. The 
porous carrier material should also be uniform in composltionand relatively refractory under the condWons 
employed in the hydrocartwn conversion process. The temi "unftorm In compositlpn- means that the 
support should be unlayered. should have no concentration gradients of the species inherem to Its 
composition, and should be completely homogenous in composition. Thus, If the support ts a mixture <^ two 
rs or more refractory materials, the relative amounts of these materials should be constant and uniform 
tnrougrtout the entire support- It is Intended to include within the scope of thai present invention canrter 
materials which have traditlonalJy been utilised in duaMunctlon hydrocartron conversion catalyets such ae: 
(1) activated carbon, coice, or charcoal; (2) silica or silica gel. siUcon cartjide. clays and silicates. Includlr^ 
those synthetically prepared and naturally occuning. which may or may not be acid-treated, for e)cample. 
attapuigus clay, diatomaceous earth, fuller's earth, kaolin, kieselguhr. etc.: (3) ceramics, porcelahi. or 
bauxite- (4) refractory morganic oxides such as alumina, titanium dioxide, larconium dioxide, chromium 
oxidc zinc oxide, magnesia, thoria, borta. silica-alumina. sIHca-magnesla. chromle-alumina, alumma-boria, 
sihca-zirconia. etc.; (6) crystalline aeoBtlc aluminosilicates, such as naturally occurring or synthetically 
prepared mordenite and/or fauja^te. either in the hydrogen form or In a torn which has been treated vrith 
multivalent cations: and. (6) combinations of one or more materials from one or more o1 these groups. The 
preferred porous carrier materials of use in the present invention are refractory Inorganic oxides, with best 
resutts obtained with alumina. Suitable alumina materials are the crystaHlne aluminas- known as gamma-, 
eta-. af>d theta-alumina. with gamma-alumina giving best results. In addition, In some embodiments, the 
alumrna may contain minor proportions of other well known refractory inorganic oxides such as sifica, 
30 zircor^ia. magnesia, etc.: the preferred support is, however, substantjally pure gamma-alumina. Preferred 
earner materials have an apparent bulk density of 0.3 to 0.7 g/cc. surface area charactoristk^ such that the 
average pore diameter fe 20 to 300 Angstroms, and the pore volume is O.i to 1 cc/g. In general, excellent 
results are typically obtained with gamma-alumina which is used In the form of spherical particles having a 
relatively small diameter {i^.. tyjrfcally about i.6 mm or 1/16 Inch), an apparem bulk density of about 0^ 
3S g#cc. a pore volume of about 0.4 cc/g. and a surface area Of about 175 m^/g. 

The preferred alumina carrier material is unifonn in composition and may be prepared in any suitable 
manner and may be synthetically prepared or naturally-occurring. Whatever type of alumina is emptoyed, it 
may be activated before use by one or more treatments, including drying, calcination, steaming, eta. and It 
may be in a forni known as activated alumina, activated alumina of commerce, porous alumina, alumina gel. 
etc. For example, the alumina may be prepared by adding a suitable alkaline reagent such as ammonium 
hy«>oxide, to a salt of aluminium, such as aluminium chtoride. aluminium nitrate, etc, in any amount to form 
an aluminium hydroxide gel which, upon drying and calcining, is converted Into alumina. 

The refractory support may be formed in any desired shape, such as spheres, pilte. cakes, extrudates. 
powoers granules, etc. It is a featuiB of the invention that the support should be of sufficient size that It has 
«5 a norr.nai diameter of at least 650 microns. "Nominal diameter" means the narrowest charactenstic 
dimension Thus, if the shape of the support is a sphere, its diameter must be at least 650 ^^ons. 
Aiiematively. if the shape is an extruded cylinder, the diameter of the circular face must be at least 650 
miaons and the length of the cylinder must be at least 650 microns. Likewise, if the Shape is a cube, the 
length ol each side must be at least 650 microns. Typically ..the preferred nominal diameter is from 650 to 
so 0200 microns. Best results are obtained when the support has a diameter of about 1500 mterons. 

For purposes of the presem invention, a particularly preferred form of alumina Is the sphere: and 
alumina spheres may be continuously manufactured by the well known oil-drop method which comprises: 
forming an alumina hydrosol by any of the techniques taught In the art. and preferably by reacting 
aluminum metal with hydrochloric acid: combining the resulting hydnssol with a suitable gelling agent: and 
ss orooo'og ihc resultant mixture into an oil t)ath maintained at an elevated temperature. The droplets of the 
mix:ure remain in the oil bath until they set and form hydrogel spheres. The spheres are then continuously 
withdrawn from the oil bath and typically subjected to specific ageing and drying treatments in oil and an 
ammoniacal solution to improve further their physical characteristics. The resulting aged and gelled 
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particles are then washed, dcied at a relatively low temperature of 149" to 204 **C, and subjected to a 
calcination procedure at a temperature of 454" to 704«C for a period of 1 to 20. hours. This treatment 
effects conversion of the alumina hydrogel into the corresponding crystalBna oamma-alumina, (see the 
teachings of US-A-2620314 for additional details). 

5 One essential Ingredient of the catalyst according to this invention is the uniformly-dispersed platinum 
compound. This platinum component may exist within the final catalyst conr^posJte as a compound, such as 
an oxide, sulphide, hallde. oxyhalide. etc.. in chemical comttnation with one or more of the other Ingredients 
of the composite, or as an elemental metal. Best results are obtained when substantially all of this 
component is present in the elemental state. Generally this component may be present in the final catalyst 

10 composite in any amount which is catalytlcally effective, but relatively small amounts are preferred. In fact 
the platinum component generally will comprise 0.01 to 2 wt. % of the final cataiyet composite, calculated 
on an elemental tjasis. Excellent results are obtained when the catalyst contains 0.0i5 to l wt. % of platinum. 

This platinum component may be Incorporated In the catalyst composite in any suitable manrwr, such 
as coprecipitation or cogelation. Ion-exchange, or impregnation, provided that a uniform dispersion of the 

15 platinum component within the carrier material is obtained. The preferred method of preparing the catalyst 
involves use of a soluble, decomposable compound of platinum to impregnate the carrier material. For 
example, this component may be added to the support by commingling the latter with an aqueous solution 
of chloroplatinic acid. Other water-soluble compounds of platinum may be employed in impregnation 
solutions, and include ammonium chloroplatinate. k)romoplatlnic acid* platinum dichloride. platinum tetra- 

20 chloride hydrate, platinum dichlorocarbonyl dichloride. dinitrodtamlnoplatinum. etc. The use of a 
platinum/chlorine compound, such as chtoroplatlnlc acid, is preferred since it faciBtates the incorporation of 
Dom the platinum component and at least a minor quantity of the halogen compound in a single step. Best 
results are obtained In the preferred impregnation step, if the platinum compound yields complex anions 
csntammg platinum In acidtc aqueous solution. Hydrogen chloride or the WkB add Is also generally added to 

« me fmpregnation solution In order to facilitate further the incorporation of the halogen componem and the 
distnbution of the metal compound. In addition, it is generally preferred to impregnate thecarrier material 
ater n has been calcined, in order to minimize the risic of washing away the valuable platinum compounds. 
Ir. some instances, however, it may t>e advantageous to Impregnate the carrier material when It is in a 
galled state. 

X Yet another essential ingredient of the catalyst of the present invention is the uniformly-dispersed tin 
comoonent. This may be presem as the elemental metal, as a chemical compound, such as the oxide, 
sjipnioe. halide. oxychloride. etc.. or as a physical or chemical combination with the porous carrier material 
and > other components of the catalyst composite. The tin component Is preferat)ly employed in an 
amojnt sufficient to result in a final catalyst composite containing 0.01 to 5 wt. percent of tin. calculated on 

J6 an elemental basis, with best results obtained at a level of 0.1 to 2 wt percent The tin component may be 
incorporated in the catalyst composite in any suitable manner to achieve a uniform dispersion, such as by 
copreoDitation or cogelatlon with the porous carrier material, ion-exchange with the carrier material, or 
imoregnanon of the carrier material at any stage in Its preparation. It is to be noted that rt is intended to 
mciuae w\mm the scope of the present invention all conventional methods for incorporating a n^etal 

4o comoonent in a catalyst composite. One prieferred method of incorporating the tin component into the 
catalyst composite involves copreclpitating the tin component during the preparation of the preferred 
refraaory oxide carrier material. In the preferred method, this involves the addition of suitable soluble tin 
compounds, such as stannous or stannic haNde. to the alumina hydrosol, and then comt>lning the hydrosol 
with a suitat>ie gelling agem and dropping tne resulting mixture into an oil bath, etc., as explained in detail 

45 heienuefore. Following the calcination step, there is obtained a carrier material having a uniform dispersion 
oi stannic oxide in an intimate combination with alumina. Another preferred method of incorporating the tin 
componem tnto the catalyst composite, involves using a soluble, decomposable compound of tin to 
impregnate and uniformly disperse the tin throughout the porous carrier material. 

Thus, the tin component may be added to the carrier material by commingling the latter an 

90 aqueous solution of a suitable tin salt or other water-soluble compound Of tin. sudh as stannous bromide, 
stannous chloride, stannic chloride, stannic chloride pentahydrate. stannicchloride tetrahydrate. stannic 
chioriae Irihydrate. stannic chloride diamine, stannic trichloride bromide, stannic chromate. stanrK>us 
fluoride, stannic fluoride, stannic iodide, stannic sulphate, stannic tartrate, and the like compounds. The use 
ol a tin chloride compound, such as stannous or stannic chlortOe, is particulariy preferred since it facilitates 

S5 the incorporation of both the tin component and at least a minor amount of the preferred halogen 
component in a single step. In general, the tin component can be impregruted either before, simultaneously 
^ with, or after the Other components are added to the carrier material. 
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Yet another essential feature of the present invention ifi a surface-impregnated jrj^tal component 
aelected from rhodium, ruthenium, cobalt, nickei. iridium and mixtures thereof. As .heretofore noted, white 
the prior art has recognized that a ptetinum-tln reforming catalyst may advantageously contein a 
component, it was believed essential that this metal component should be uniformly distnbuted throughout 
the catalyst to achieve beneficial results. By way of contrast It has now been determined friat improved 
performance may be achieved by incorporating a surface-impregnated ^^^^ j^f'^P;^"^;^^"^. 
Llalyst composite contaimng uniformly dispersed platinum and tin. as opposed to tf>e unrform y d.atr.b^ed 
meJ component of the art It is to be understood that the term -surfaceMmpregnated-^empiov^^^^ 
means that at least 80% of the surface-impregnated component is iocated In the exterior sui^e of tfte 
catalyst particle. The "exterior surface" is defined as the outemnost layer of the c^fyst P^'^^^'yJ^ 
which comprises the exterior 50% ^f the catalyst volume. Expressed in an alternatiyc* the extertor 
surface" is defined as the exterior 0^ layer when the catalyst is spherical m shape and .0.3r when the 
catalyst in cynndrlcal in shape and the length to diameter ratio of the cylinder is greater than or equal to 
2-1 In both of these formulae, "r" is defined as the nominal radius of the support When the shape of the 
c^yst is such that the word "radius" could have no clear meaning, (e.g.. a cloverleaf the "«xte"or 

surface" Is defined as the outermost layer of the catalyst comprising the exterior 50% of the catalyst 
volume. By "layer" is meant a stratum of substantiaUy unifomi thickness. „ , *u 

A metal component is considered to be surface-Impregnated whenlts average concentration in the 
exterior surface of the catalyst is a! least 4 times the average concentration of the same rmtal component 
in the remaining Interior portion of the catalyst Alternatively, a metal comporwnt Is Mid to l>e surte^ 
impregnated when the average atomic ratio of the metal component to ^« ""^*^7'»yJ''*^'^!* 
component is at least 4 times greater In the exterior surface of the catalyst than It Is the remaining Interior 

'^'^^ previously stated, the surface-Impregnated metal Is rhodium, ruthenium, cobalt nickel or Irldiuni. 
The surface-Impregnated metal component may be present in the composite as an elemental metal or in 
chemical combination with one or more of the other ingredients of the composite, or as a chemicaJ 
compound of the metal, such as the oxkle, oxyhailde. sulphide, halide, and the Bke. The metal component 
may be employed in any amount which is catalytically effective, with the prefen-ed amount being 0.01 to 2 
wt %, calculated on an elemental metal basis. Typically, best results are obtained with 0.05 to 1 wt % of 
surface-impregnated metal. Additionally, it is within the scope of the present invention that ben^wal results 
may be obtained by having more than one of the above-named metals surface-impregnated on the catalyst 
The surface-impregnated metal component may be incorporated into the catalyst composite in any 
suitable manner which results in the metal component being concentrated In the exterior surface of the 
catalyst support, m addition. It may be added at any stage of the preparation of the composite, either dunng 
preparation of the carrier material or thereafter, and the precise method of incorporaUon is not deemed to 
be critical, so long as the resulting metal component is suftace-mipregnated as the term Is used herein. A 
preferred way of incorporating this component is an Impregnation step, wherein the porous carrier material 
containing unifomily-dispersed tin and platinum is impregnated with a suitable metal-oontalrtng aqueous 
solution. It is also preferred that no -additional" acid compounds are to bo added to the ImpregnaUon 
solution, m a particularly preferred method of preparation, the carrier material, containing tin and platinum, 
is subjected to oxidation and halogen-stripping procedures, as explained hereinafter, before the impregna- 
tion of the surface-impregnated metal components. Aqueous solutions of water soluble, decornposable 
surface-impregnated metal compounds are preferred, including hexamminerhodlum chloride, rhodiumcar- 
bonylchlorlde, rhodium trichloride hydrate, ammonium pentachtoroaquomthenate. ruthenium trichionde. 
45 nrcket chloride, nickel nitrate, cabaltous chloride, cobaltous nitraie. iridium trichloride, iridium tetrachtortde. 

and the like. , * , 

The catalyst composite of the present-invention is considered to be an acWic catalyst Accordingly, it is 
essential that the catalyst should contain a hatogen component which Imparts the necessary ackfic function 
to the composite. As mentioned above, it is preferred that the carrier material containing platinum and tin be 

50 subjected to oxidation and haiogen-strtpping procedures before addition of the surface-Impregnated metal 
component The presence of excessive amounts of halogen or halide. lor example, chloride, on the canler 
before the addition of the surface-Impregnated metal, will prevent attainment of the novel surface deposition 
feature of the instant invention. The oxidatton can be carried out at temperatures from 93-C (200 "F) to 
593*C (Ii00*f0 in an air atmosphere for a period of 0.5 to 10 hours in order to convert the metal 

55 components substantially into the oxide form. The stripping procedure is conducted at a temperature of 
from 371 •C (700"F) to 593'C (HOO'F) In a flowing air/stream atmosphere for a period of from 1 to 10 
hours. Following addition of the surface-impregnated metal component the hatogen Is then added to the 
carrier material under oxidative conditions. Although the precise chemistry of the association of the halogen 
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component with the carrier material is not entirely known, it is customary in the art to refer to the halogen 
component as being combined with the carrier material, or with the other ingredients, of thejatalyst in the 
form of the halide (e.g.. as the chloride). This combined halogen may be fluoride, chloride, iodide, t>romide. 
or mixtures thereof. Of these. fkjorWe and. particularly, chloride are prefenred for the purposes of the 

5 present invention. The halogen may be added to the carrier material in any suitable manner after the 
addition of the surface-impregnated metal component For exampte, the halogen may be added as an 
aqueous solution of a suitable decomposable halogen-containing compound, such as hydrogen fluoride, 
hydrogen chloride, hydrogen bromide, ammonium chloride, etc. For reforming, the halogen will be typically 
combined with the carrier material in an amount sufficient to result in a final composite that contains 0.1 to 

10 3.5 wt. %. and preferably 0.5 to 1.5 wt %. of halogen, calculated on an elemental basis: 

Another significant parameter for the present catalyst is the "total metals content" which Is defined as 
the sum of the platinum component tin componerrt and the surfaceHmpregnated metal component, 
calculated on an elemental basis. Good results are ordinarily obtained when this parameter is fixed at a 
value of 0.2 to 6 wt. %. with best results ordinarily achieved at a metals loading of 0.3 to 2 wt % 

fs Regardless of the details of hc»w the components of the catalyst are combined with the porous carrier 
material, the final catalyst generally wiB be dried at a temperature of 83*C (200*F) to 316«C (OOO^F) for a 
period of from 2 to 24 hours, or even longer, and finally calcined or oxidized at a temperature of 371 •€ 
(700" F) to 593»C <1100"F) in an air atmosphere, for a period of 0.6 to 10 hours, in order to convert the 
metal components substantially into the oxide form. Best results are generally obtained when the halogen 

20 content of the catalyst is adjusted during the calcination step, by including water and a halogen or a 
decomposable halogen-containing compound in the air atmosphere utilized. In particular, when the fialogen 
component of the catalyst is chlorine, it is prefened to use a mole ratio HsO to HCI Of 5:1 to 100:1 during at 
least a portion of the calcination step. In order to adjust the final chlorine content of the catalyst to a range 
of 0.5 to l^wt. %. 

25 It is preferred that the resultant calcined catalyst composite be subjected to a substantially water«free 
reduction step before its use in the conversion of hydrocarbons. This step is designed to ensure a uniform 
sind finely divided dispersion of the platinum componem throughout the canrler material. Preferabhr* 
substantially pure and dry hydrogen (i.e., (ess than 20 vot ppm HqO) is used In the reducing agent In this 
step. The reducing agent is contacted with the calcined catalyst at a temperature of 427*C (800"F) to 

30 649"C (1200'F) and tor a* period of 0.5 to 10 hours, or even longer, effective to reduce substantialiy all of 
the platinum component and the surface-impregnated metal component to the elemental state. When, 
however, the surface-impregnated metal component Is nickel or cobalt, the surface-impregnated metal may 
be pnmarily in the oxide form after the reduction step. This reduction treatment may be performed in situ as 
part of a startup sequence if precautions are taken to predry the plant to a substantially water-free state and 

35 if substantially water-freehydrogen is used. 

The resulting reduced catalyst composite may.- in some instances, be beneficially subjected to a 
presulphiding operation designed to incorporate in the catalyst composite from 0.05 to 0.50 wt % of 
sulphur calculated on an elemental basis. Preferably, this presulphiding treatment takes place in the 
presence of hydrogen and a suitable sulphur-containing compourKl. such as hydrogen sulphide, lower 

40 molecular weight mercaptans, organic sulphides, etc. Typically, this procedure comprises treating the 
reduced catalyst with a sulphiding gas. such as a mixture of hydrogen and hydrogen sulphide having about 
10 moles of hydrogen per mole of hydrogen sulphide, at conditions sufficient to effect the desired 
incorporation of sulphur, generally Including a temperature of from 10*C (50'F) to 593*C (1100**F), or even 
higher. It is generally a good practice to perform this presulphiding step operation under substantially water- 

45 free conditions. 

According to the present Invention, a hydrocartjon charge stock and hydrogen are contacted with the 
trimetaUic catalyst described above in a hydrocarbon conversion zone. This contacting may be accom- 
plished by using the catalyst in a fixed bed system, a moving bed system, a flukiized bed system, or in a 
batch type operation. In the Fixed bed system, a hydrcgen-rich gas and the charge stock are preheated by 

50 any suitable heating means to the desired reaction temperature, and then passed into a conversion zone 
containing a fixed bed of the catalyst It is. of course, understood that the conversion zone may comprise 
one or more separate reactors with suitable means t>etween them to ensure that the desired conversion 
temperature Is maintained at the entrance to each reactor. It is also important to note that the reactants may 
be passed through the catalyst bed upwardly, downwardly, or in radial flow, with the latter being preferred. 

55 in addition, the reactants may be in the liquid phase, a mixed liquid-vapour phase, or a vapour phase, when 
they contact tne catalyst, best results being obtained with the vapour phase. 
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When the catalyst of the present invention is used in a retomning operation, the reforming system wil 
comprise a reforming 20ne containing a fixed or moving bed of the catalyst This refomiing zone may 
comprise one cr more separate reactors with suitable heating means ^^el^" tlie^^^ 
endothemiic nature of the reactions that take place in each catalyst bed. The hydro^mon feed stream ttiat 
is charged to this reforming system will comprise hydrocarbon fractions containing naphthenes and 
paraffins that boii within the gasoline range. The preferred charge stocks are naphthas, ttioso consi^g 
essentially of naphthenes and paraffins, although in many Instances aromaucs wW also be present. TWs 
preferred class includes straight run gasoUnes. synthetic gasolines, and the like. On the other ^^and. It is 
frequently advantageous to charge thermally-or catalytically-cracked gasolines or higher boilmg fractions 
theiwf. MlxlurBS of straight run and cracked gasoline range naphthas can also be used to advantage The 
gasoline range naphtha charge stock may be a fulJ boiling gasoBne having an iniual>DlIing point of from 
?S S^-F) to OT^C (150-F)and an end boiUngpoint of fmm 163-C (325'F) to218-C (425-F). or may be 
a sGtected fraction thereof, which generally will be a Wgher boiling fraction commonly referred to as a heavy 
naphtha, for example, a naphtha boiling in the range of C, to 204-C (4O0-F). »o™ ""stands. It Is also 
advantageous to charge pure hydrocarbons or mixtures of hydrocarbons that have been extracted from 
hydrocartwn distillates, for example, straight-chain paraffins, which are to be converted Into arornattas. It is 
preferred that these charge stocks be treated by conventtonal catalytic Pretreatment methods such as 
hydrorefinlng. hydrotreating. hydrodesuiphurlzation. etc.. to remove substantiaHy alt sulphurous, nitrogenous 
and water-yielding contaminants, and to saturate any olefins that may be contained therein. 

m a reforming embodiment, it is generally a preferred practice to use the catalyst composite in a 
substantially water-free environment Essential to the achievement of this condition in the reforming zone is 
the control of the amount of water and water-pnsducing compounds in the charge stock and the hydrogen 
stream which are b^ng charged to the zone. Best results are ordinarily obtained when the total amount of 
water entering the conversion zone from any source is held to a level substantially less than 50 ppm. and 
preferably less than 20 ppm. expressed as weight of equivalent water In the charge stock. In general, this 
can be accompfished by an appropriate pretreatment of the charge stock, coupled with cariaful control of the 
water present in the charge stock and in tiie hydrogen stream: the charge stock can be dried by using any 
suitable drying means known to the art. such as a conventional solid adsorbent having a Wgh selectivity for 
water, for instance, sodium or calcium crystalline aluminosiiicates. silica gel, activated alumina, molecular 
sieves, anhydrous cakaum sulphate, high surface area sodium and the. like adsorbents. Similarly, the water 
content of the charge stock may be adjusted by euilabte stripping operations in a fractionation column or 
like device- In some instances, a combination of adsorbent drying and distillation drying may be uaed 
advantageously to effect almost complete removal of water from the charge stock. Preferably, tiie charge 
stock is dried to a level corresponcfing to less than 20 ppm of HaO equivalent. In general, it is preferred to 
control the water content of the hydrogen stream entering ttte hydrocartaon conversion zone within a level of 
5 to 20 vd. ppm of water or less. ^ ^ 

In tiie reforming embodiment an effluent stream is witixJraWn from the reforming zone and passed 
through a cooHng means to a separation zone, typically malnteined at (2S»F) to 68»C (1S0*F). wherein 
a hydrogen-rich gas is separated from a high octene liquid product, commonly called an "unstalriltzed" 
reformats. When the water content of the hydrogen-rich gas is greater than desired, a portion of this 
hydrogen-rich gas is withdrawn from the separating zone and passed through an adsorption zone containing 
an adsorbent tha is selective for water. The resultant substantially water-free hydrogen stream is then 
recycled through suiteble compressing moans back to the reforming zone. If ttie water content of tiie 
hydrogen-rich gas is within the range specified, a substantial portion of it can be directiy recycled to ttie 
reforming zone. The tiquid phase from the separating zone is typically withdrawn and commonly treated in 
a fractionating system in dnJer to adjust the butane concentration, ttf^reby oontrolling front-end volatility of 
the resulting reformate- , , ^ 

The conditions used m tiie reforming embodiment of the present Invention generally will Include a 
pressure of 101 kPa (0 psig) to 6995 kPa <1000 psig). with the preferred pressure being 446 kPa (60 pssg) 
'so to 2514 kPa (350 psig). more preferably 446 to 962 kPa (50 to 125 psig). Particularly good results are 
obtained at tow pressure, namely, a pressure of 446 kPa (50 psig) to 791 kPa (100 psig). In fact it is a 
singular advantage of the present invention tiiat rt allows stable operation at lower pressures than have 
heretofore been successfully employed in so-called "continuous" reforming systems with a bimetelllc 
catalyst (e.g. reforming of 0.5 to 5 or more ban-els of charge per pound of catalyst (0.18 to 1.75 m»/Kg) 
55 without regeneration). In other words, ttie catalyst of the present invention allows the operation of a 
continuous reforming system to be conducted at lower pressure. e.g. about 446 kPa (50 psig) for about the 
same or better catelyst Ufa before regeneration as has been heretofore realized with conventional bimetallic 
catalysts at higher pressures, e.g. 962 kPa (125 psig). 
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Similarly, the temperature required lor reforming with the catelyet of the present invention is generally 
lower than that required for a similar reforming operation using a high quality bimetallic platinum catalyst of 
the prior art. This sigruficant and desirable feature of the present invention is a consequence of the 
selectivity of the catalyst of the present invention for the octane-upgrading reactions that are preferably 

5 induced in a typical reforming operation. Hence, reforming conditions include a temperature of from 427»C 
(800"F) to 593-C (1100"F). and preferably 482*0 (900*F) to 56e-C <1050"F). As is well known to those 
skilled in the continuous refomning art, the initial selection of the temperature within tWs broad range is 
made primanly as a function of the desired octane of the product reformate, considering the characteristics 
of the charge stock and the catalyst. Ordinarily, the temperature is thereafter slowly increased during the 

10 run to compensate for the Inevitable deactivation that occurs and to provide, a product of constant octane 
mimber. 

It is an advantage of the present Invention that the rale at which the temperature is Increased in order to 
maintain a product of constant octane number is substantially lower when using the novel catalyst. 
Moreover, the CkT yield kiss for a given temperature increase is substantally lower than for a high quality 

16 bimetaHic reforming catalyst of the prior art In addition, hydrogen production is substantially higher. 

The reforming conditions of the present invention also include the use of sufficient hydrogen to provide 
an amount of I to 20 moles of hydrogen per mole of hydrocartjon entering the refonning zone, with 
excellent results being obtained when 5 to 10 moles of hydrogen are used per mole of hydrocarbon. The 
liquid hourly space velocity iUHSV) included in the reforming conditions employed in the invention is 

so selected from the range of 0.1 to 10 hr."-. with a value of 1 to 6 hr.-'= being preferred. In fact, the present 
invention allows operations to be conducted at a higher LHSV than normaWy can be stably achieved in a 
continuous reforming process with a high quality bimetallic platinum reforming catalyst of the prior art This 
last feature is of immense economic stgniftcance, because it allows a continuous reforming process to 
operate at the same throughput level with a lower catalyst inventory than that heretofore used with 

25 conventional reforming catalysts, at no sacrifice In catalyst life before regeneration. 

The following working Examples are given to illustrate further the preparation of the catalyst composite 
of the present invention and the use thereof in the conversion of hydcarbons. It is understood that the 
Examples are intended to t>e illustrative rather than restrictive. These Examples make reference to the 
accompanying Drawings, in which: 

30 Figure i is a graphical depiction of metal cfistrfbution versus distance from edge of particle for 

Catalyst A, which is made in accordance with the Invention, comparing the uniform distribution profiles of 
platinum and tin with the non-untfonmly dispersed rhodium profile. 

Figure 2 Is a graphical depiction of metal distribution of a particle of Catalyst B. which is not made, 
according to the instant invention, showing the uniform distribution profiles of platinum, tin and rhodium. 

3$ Figure 3 is a graphical depiction of catalyst selectivity as measured by the Cs'*' reformate volume 

percent yield as a function of catalyst life, measured in barrels of charge stock processed per pound of 
catalyst (i t>arrel per pound s o.85 ms per Kg) performance data for both Catalyst A and Catalyst B are 
shown. 

Figure 4 is a graphical depiction of catalyst activity as measured by average reaction zor>e 
40 temperature necessary to provide a reformate of 102 research octane numtser, as a function of catalyst life 
measured in barrels of charge stock processed per pound of catalyst {1 barrel per pound = 0.35 m^ per 
Kg) again, performance data for both Catalyst A and Catalyst B are shown. 



4S EXAMPLE 1 

This Example seta forth a preferred method of preparing the catalyst composite of the present 
invention. Tin-containing alumina spheres were prepared by cogelling an alumina hydrosol containing a 
soluble tin compound by the oiWrop nwthod. After oi^dropping and ageing, the cogelled spheres were 
so dned and calcined. The resulting particles comprised uniformly distributed tin oxide and alumina in the 
shape of spheres having an approximate diameter of 1500 microns. 

An aqueous impregnation solution containing chloroplatinic acid and hydrogen chloride was then 
prepared. This solution contained hydrogen chloride in an amount corresponding to about 2 wt. % of the 
earner material to be impregnated. The amount of hydrogen chloride in the impregnated solution was 
55 selected to ensure good dispersion of platinum, throughout the catalyst particle. 
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■me amount of plaUnom Jn the impregnation soJufion used to make the catalyst of Ite present invention 
was siitficient to result in a finished caJalyst composHe containing 0^75 wt * PjfJ^'T • '^jTf^ 
the catalyst was dried and calcined. After calcination, the catalyst was subjectedto a cWoridMtnp(*« 
procedure, to remove any excess chlorkte Ions that would have a deleterious efle<* on the subsequent 

5 rtiodiom impregnation. As heretofore mentioned, the presence of excess ehlonde tofts »WM»d Muse the 
rhodium to be uniformly distributed throughout the carrier material and not remain m the octemal 300 
micron layer, as is essential in the present invention. The stripping procedure was conducted at a 
temperaiure of about 980'F (S27»C> by passlnB a flowing air/sHeam mixture across the catalyst composite 
for aoproximately 2 hours. ' ' . ^. ^ 

,0 jtre resurting composite was nexl contacted wHh a rhodlun«ontaining aqueous sdubon. prepared by 
adding rhodium trichioride hydrate to water In an amount sufficient to result in a composfte containing 0.05 

After ttlfSSium Impregnation, the catalyst was again dried and calcined. After catainallon, the catalyst 
was subjected to a chtorination step to add the halogen component After chlorlnatlon the catalyst was 
rs reduced in a dry hydrogen strearn for about 1 hour. . * , w - w-. .* n o-tc 

The resulting catalyst particles were analyzed and found to contain, on an elemental basis, about 0.375 
wt % of platinum, about 0.06 wL % of rhodium, about 0.3 wt. % of tin and about 1.05 wt % of chlorine. 
This catalyst was designated Catalyst "A". In order to determine whether the rhodium component was 
surface-impregnated. Catalyst A was subjected to an electron microprobe distribution analysis. The results 
20 of this analysis are set forth In Figure 1. As can be noted. Figure 1 shows a nonralized ratio of rhodium to 
aujmlnium as a function of the distance (in microns) from the sphere edge. The graph indicates that there is 
no substantia! amount of rhodium beyond a depth of about 150 microns from the sphere edge. Accordingly. 
It can be seen that Catalyst A comprises a surface-Impregnated rhodium component 



25 



EXAMPLE 2 (COMPARISON). 



In this Example, a catalyst was made in a fashion such that the rhodium component was unformly 
dispersed throughout the catalyst parUcies. The resulting catalyst represents th© catalyst compositions of 

30 the prior art. The Important differences betwen the procedures used to make the prior art catalyst and 
Catalyst A. are that the prior art procedure utilizes a co-impregnation of platinum and rhodium, and does not 
employ b chloride-stripping procedure, Accordingly, the catalyst of this Example was prepared by starting 
with the same tin-containing alumina as In Catalyst A. A sulphur-free aqueous solution containing 
chloroplatinic add, rhodium trichloride hydrate, and hydrogen chloride was then prepared. Simllarty. this 

35 solution contained hydrogen chloride in an amount corresponding to about 2 wt % of the carrier material to 
be impregnated. The amount of metal componants in the impregnation solution used to make the catalyst 
was sufficient to result in a final composite containing 0.375 wt % of platinum and 0.05 wL % of rhodium. 
After Impregnation, the catalyst was dried and calcined in the same manner as Catalyst A. After calcination, 
the catalyst was similarly subjected to a chlortnation step to add the hatogen componertt After chlorlnatlon. 

40 the catalyst was reduced in a dry hydrogen stream for about 1 hour. The final catalyst composite 
comprised, on an elementat basis, about 0.375 wt % of platinum, about 0.05 wt % Of rhodium, about 0.3 
• wt % of tin, and about 1.05 wt. % of chlorine. This catalyst was designated Catalyst "B". 

In order to determine the rhodium dtsirtbution in Catalyst B, Catalyst B was subjected to an electron 
microprobe distribution analysis. The results of this analysis are set forth in Figure 2. which Is a graph of 

4S the ratio of the counts of rhodium at a given distance from the sphere edge divided by the counts of 
aluminium delected by the microprot>e scan. The data in Figure 2 clearly reveal that substantial amounts of 
rhodium are dispersed in the catalyst at a depth greater than 150 microns, and, in fact rhodium is uniformly 
dispersed throughout the catalyst Accondingly. the rttocfium component of Catalyst B is not surface- 
impregnated. 



50 



EXAMPLE 3 

In order to compare Catalyst A, a composite made in accordance with the Invention, with Catalyst B. a 
55 catalyst not having a surface-impregnated rif^odium component, both catalysts were separately subjected to 
a high stress evaluation test designed to determine the relative activity and selectivity for the reforming of a 
gasoline charge slock. In all tests, the same charge slock was employed; Its characteristics are given in 
Table 1 beiom. 
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PROPERTIES OF PLATEAU UIWTA 
HASlTi HAPHTHA 

* IBP, (•F) 80 (176) 

50% 121 (250) : . 

EP - 199 (390) 

^« Paraffins r Vol % 66 . 

Naphthenes, " 24 

Olefins, - - . 
20 Aromatics, " 10 

API gravity 58.7 

(Specific gravity) (0.744) 

25 

Sulphur cO.5 wt . ppm 

H2O 10 wt. ppm 

^® CI 1 wt. ppm 

Nitrogen <13 wt. ppm 

The tests were perfonned in a laboratory scale reforming plant comprising a reactor containing a 

35 catalyst undergoing evaluation, a hydrogen separating zone, a debutanizer column, suitable heating, 
pumping, and condensing means, etc. 

in this plant, a hydrogen recycle stream and a charge stock are commingled and heated to the desired 
conversion temperature. The resulting mixojre is then passed downflow into a reactor coittaining a fixed bed 
of the catalyst under test. An effluent stream is withdrawn from the tjottom of the reactor, cooled to about 

40 0*C (32*F) and passed to the separating zone, wherein a hydrogen-rich gaseous phase separates from a 
liquid phase. The hydrogen-rich gaseous phase is then withdrawn from the separating zone and a portion of 
it is continuaity passed through a high surface area sodium scrubl^ar. The resulting sut)StantiaUy water-free 
hydrogen stream is then recycled to the reactor in order to supply hydrogen for the reaction. The excess 
hydrogen over that needed for recycle is recovered as excess separator gas. Moreover, the liquid phase 

45 from the separating zone is withdrawn therefrom and passed to the debutanizer column, wherein light ends 
are taken overhead as debutanizer gas and a Cs" refomnate stream recovered as bottoms. 

The conditions employed in both tests were a reaction zone outlet pressure of about 50 pstg (446 KPa). 
a 5.0 molar rado ol hydrogen-rich vapour to hydrocarbon charge stock, and a liquid hourly space velocity of. 
2.0. Reaction zone temperatures were selected to achieve a hydrocarbon product reformate having a 

90 research octane number of 102. The results of testing Catalysts A and B are set forth in Figures 3 and 4. 

Rgure 3 is a graphical depletion of the Ct^ liquid volume percem yield, teased on the volume of 
hydrocart^on charge stock, as a funtion of catalyst life, as measured by the barrels of charge stock 
processed per pound of catalyst, (and cubic metres of charge stock per kilogram ol catalyst). Surprisingly 
and unexpectedly. Catalyst A. containing a surface^impregnated rhodium component consistently exhibits a 

55 higher C** liquid volume percent yield of 102 research octane nurnber refomnate. Accordingly. Catalyst A 
exhibits improved selectivity for the production of 102 research octane number refonnnate relative to Catalyst 
B. Figure 4 is a graphical depiction of the average reactor inlet temperature necessary to achieve a 
reformate having a research octane number of 102 as a function of catalyst life defined as barrels of charge 

11 
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stock processed per pound of catalyst (1 bb!/lb = 0.35 m^/kg). Using the average .nlet temperaOire as a 
meaai^ of catalyst activity, it can be seen that, surprisingly and unexpectedly. Catalyst A, having a 
su^w^'mpreanated rhodium component, exhibits a higher activity (lower average reactor inlot tempem. 

SS^B. More impo^tiy. Catalyst A exhibrts greater activity ^"^V' 
SoS Of the^e^e reactor inlet temperature Hne. "Hius. comparing the ^^^^^^^^^^"^ ^"^"^^^ ' 
fi^ene^of-run temperature, for example. 990^F (532-C). shows that Catalyst A ^^^t'r2,^^^ 
ctTge stock than did Catalyst B. in other words. Catalyst A was more tten tvnce ^^"^^^^^^ 
Accordingly. Catalyst B showed much greater loss ot activity as measured by the respecflve slopes of the 
lines obtained by plotting inlet temperature against catalyst Ufa. 



70 



EXAMPL£4 



75 



The catalyst described In this Example represents another catalyst composite of the present Invention. 
Oxidized. chlorWe-stripped spherical catalyst particles containing platinum and tin unHormly dispersed on 
an alumina support were prepared by following the procedure outiined In Example 1. An impregnaflon 
solution containing ammonium pentachloroaquoruthenate and water was contacted with the platanurn-end 
tin-containing spherical particles In a manner to result in a composite containing 0^ wt % of surface- 
impregnated ruthenium. After the ruthenium impregnation, the catalyst was dried and calcined. After 
20 caldnation. the composite was subjected to a chiorination step to add the halogen component After 
chlorination. the catalyst was reduced In a dry hydrogen stream lor about 1 hour. ^ «^ ^ ' . , 

The resulting catalyst particles were found to contain, on an eiemental basis, about OJ^TS wt. ^ of 
uniformly dispersed platinum, about 0.S wt % of surface-impregnated ruthenium, about 0.3 wt. % of 
unlfonniy dispersed tin and about 1.05 wt. % of chlorine. This catalyst was designated as Catalyst "C". 



25 



EXAMPLE S (COMPARtSON) 



To illustrate clearly the benefits of surface-impregnated aithenium, a catalyst composite with unifomily 
so dspersed ruthenium was prepared for comparison. In making this uniformly dispersed rutheniumrcohtalning 
catalyst a unifomily dispersed tin-containing alumina support identical to that used for preparing Catalyst 
"C*. was contacted with an impregnation solution containing chloroplatinic acid, ruthenium trichloride, and 
12 wt % of hydrogen chloride, based on the weight of the carrier material. This high-acid solution was 
selected to ensure a uniform dispersion of both the platinum and ruthenium. The diving, calcining, and 
35 halogen addHion steps were idenUcal to those used for Catalyst "C*. Accordingly* this calalysl was madia in 
accordance with the teachings Of US-A-3909394. The final catalyst composite comprised, on an elemental 
basis, about 0.375 wt % of uniformly dispersed platinum, about 0.5 wt. % of unlfbnrtly dispersed 
mthenium, about 0.3 wt. % of unifomnly dispersed tin. and about 1.05 wt % of chtorine. This catalyst was 
designated Catalyst "D". 

EXAMPLE 6 

In order to compare Catalyst "C". a composite made in accordance with the invention, with Catalyst 
45 "D", a catalyst not having a surface-impregnated metal component, Ixrth catalysts were tested following the 
procedure outlined in Example 3. 

The performance results are presented in Table 2. It is observed that at the completion of a.4S'*F 
(25 temperature cyde. Catalyst "C" produces slightly higher Cb" liquid volume pen»nt yield of 102 
research octane number reformate than does the uniformly-dispersed ruthenium catalyst More importantly, 
60 Catalyst "C". having surface-lfiipregnated ruthenium, is much more activity-stable, as indcated by the lower 
deacth^tion rate shown m the first column of Table 2 for Catalyst "C" and is capable of processing about 
30% more feed than Catalyst "B" for the same temperature cycle. In other words, the uniformly dispersed 
ruthenium catalyst Catalyst "D". . deactivated about 35% faster than the catalyst compositB of the present 
invention. 

55 
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Catalyst 



C D 



10 



75 



25 



Ru Impregnation Surface Uniform 
Start of Run Temp. 

@ 0.3 BPP, 960 964 

(0.105 m3/kQ, (516) (518) 

Avg. C5+ Liq. Yield, 

wt. % 79.3 79-1 

Deactivation Rate# 

•F/BPP 3 5.7 48.4 

(-C/m3/kg) (56.7) (76,8). 



EXAMPLE 7 

30 

Tfie catalyst described In this Example represents another catalyst composite of the present invention. 
OxiCizec. chloride-stripped spherical catalyst particles containln© ptatinurr^ and tin unifomily dispersed on 
an aiamina support were prepared following the procedure outlined in Example 1 . An impregnation solution 
containing nickel nitrate and isopropanol was contacted with the platinum-and tin-containing spherical 
33 particles in a manner to result in a composite containing 0.36 wt. % of surface-impregnated nickel. After the 
nickel imcregnatton. the catalyst was dried and calcined. After calcination, the catalyst was subjected to a 
cniorination step to add the hatogen component. After chlorinatlon, the catalyst was reduced in a dry 
hydrogen stream for about 1 hour, 

Ttie resulting catalyst particles were found to contain 0.387 wt. % of uniformly dispersed platinum. 0.36 
40 wt. % of surface-impregnated nickel. 0.3 wt. % of uniformly dispersed tin and 1.05 wt % of chlorine. This 
caia'ys: was designated as Catalyst "E". 



EXAf^PLg B fCOMPARlSON) 

To Illustrate the advantages of having surface*impregnated nickel, a catalyst composite was prepared 
for comparison wherein the nickel was uniformly dispersed throughout the catalyst composite, in prepara- 
tion of the uniformly dispersed nickel-containing catalyst, a urtiformly dispersed tin-containing alumina 
support. Identical to that used for preparing Catalyst *E". was contacted with an impregnation solution 

50 containrng chioropiatinic acid, nickel nitrate, and 2 wL % of hydrogen chloride, based on the weight Of the 
alumina earner material. This hydrogen chloride level was selected to allow for uniform dispersion of both 
ttio oiatinum and nickel. The drying, calcining, and halogen-addition steps were identtcal to those used for 
Caiaiys: "E" The final catalyst composite comprised, on an elemental basis* 0.39 wt % of unifomiiy 
d.soe^soo platinum. 0.36 wt. % of uniformly dispersed nickel. 0.3 wi, % of uniformly dispersed tin, and 1.1 4 

5r wt ci cniorine. This catalyst was designated Catalyst "F**. 
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EXAMPLE S 

The catalyst described In this Example represents another catalyst composite at the present invention. 
Oxidized chloride-stripped spherical catalyst particles containing platinum and tin^uniformly dispersed on 
an alumina support were prepared following the procedure outlined In Bcampie 1. An impr^natjon solution 
containing cobaitous chloride and isopropanol was contacted with the platinum-and t»n-contajrtng spheric^ 
particles in a manner to result in a composite containing 0.42 wt. % of surface-impregnated cob^. After the 
cobalt impregnation, the catalyst was subjected to identical finishing conditions to those used '"^ff^P'® 3; 

TTie resulting catalyst particles were found to contain 0.3B4 wt. % of uniformly dispersed platinum. 0.42 
wt % of surface-impregnated cobalt 0.3 wt % of uniformly dispersed tin and 1 J)3 wt % of chtortne. This 
catalyst was designated Catalyst "G**. 

EXAMPLE 10 



Catalysts "E", "F" and "Q" were performance-tested In a manner identical to that set fbrth In Example 
3. Table 3 presents the rBsutts. Comparing Catalyst "E- to Catalyst "F" shows tiiat the surface-impregnated 
nickel catalyst surprisingly and unexpectedly exhibited an average Cs" liquid yield of 102 research octane 
number reformale. 4.1 wlume percent greater than Catalyst "F- having urtformly dispersed nickel. More 
20 Importantly, the surface-lmpregnaiBd cattiyst deactivates at a much lower rate than the uniformly-dispersed 
nickel catalyst resulting in an activity stability Impnavement of 48%- This stability improvement allows for 
58% more feedstock to be processed In a given 30-F (ie.7*C) temperature cycle by the catalyst of the 
present Invention compared to the uniformly dispersed nickel containing catalyst 

Test results for Catalyst "G** similarly illustrate exceptional pertbrmance. thus demonstrating the 
29 surprising benefit realized when surface-impregnated cobalt is employed with uniformly dispersed platinum 
and tin. 

In summary, it can be seen from these test results tiiat. by incorporating a surface-impregnated metal 
component in accordance with the present invention, a superior and improved reforming catalyst is 
achieved. 
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Catalyst E F G 

Ni or Co Impregnation Surface Uniform Surface 



70 



(Ni) (Ni) (Ni) 



fs start of Run Temp^ 

© 0.3 BPP, •F 955 958 948 

(0.105 m3/g/kg, 'C) (512-7) (514.4) (508.8) 



20 



25 



Avg. C5+ Liq* Yield, 

wt. % 83.4 79.3 80.6 



Deactivation Rate, 
30 •F/BPP 28*6 42.9 17.6 

(•C/in3/kg) (45.4) (68.09) (27.9) 



Claims 



40 



50 



1. A catalyst composite for hydrocarbon conversiori comprising a platinum component, a tin component, 
8 halogen component, a metal component selected irom rhodium, ruthenium, cobalt. nickeL iridium, and 
mixtures thereof, and a refractory porous support having a uniform composition and a nominal diameter of 
at least 650 microns, characterized in that the platinum and tin components are uniformly dispersed and the 
metal component is surface impregnated on the support. 

2. A catalyst composite according to Claim 1 characterized in that it comprises, on an elemental basis, 
from 0.05 to 1 wt. % of platinum, from 0.05 to 1 wt. % of surface-impregnated metal, Irom O.i to 2 wt. of % 
tin. and from 0,5 to i .5 wt. % o< chlortne on a refractory porous support having a nominal diameter of 650 
to 3200 microns. 

3. A catalyst composite according to Claim 1 or 2 characterized in that at least 60% of the surface- 
impregnated metal component is deposited within the exterior 50% by volume of said refractory porous 
support. 

4. A method of preparing a catalyst composite according to any one of Claims 1 to 3 characterized in 
that said metal component is surface-impregnated onto said refractory support, and said platinum and tin 
components are uniformly dispersed in said refractory support 

5. A method according to Claim 4 characterized in that the surface-impregnated component is added to 
the catalyst after the addition of the platinum component but before the addition of the halogen component. 

6. A method according to Daim 4 chanacterized in that a halogen stripping step is perfomied before the 
addition of the metal component. 

7. A method according to any one ol Claims 4 to 6 characterized in that the refractory support 
comprises alumina formed by gelation and in that the tin component is composited by means of a 
cogelation step during formation of the alumina support. 
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fi A Dfocess tor the catalytic reforming of naphtha charge stock by contactlnQ *e naphttia and 
hyd' 9^ ^tiorTwith a catalyst, charactenzed in that the catalyst .s a composes according 

H. Tp^eSZm to aaim 8 characteri«d in that the sulphur content of the naphtha feedstock is 

'"""T^iTcTaccor^ing to Claim 8 or 9 characterteed in that the reforming condHions Include a 
pressure of from 446 to 982 kPa (50 to 125 psig). 
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JF'IQ.S YIELD VS. CATALYST UFE 

eat — 




^ I I ■ I I I I 1 I 

"b^o o.a o.^ o.e aa ao as. Ae 
(0.07) (o.m raz/) CazB) Ca35j (o^^ej fai^sj ro.s6j^ 

CATALYST L/fEj BBi CHARGE/fh. CATALYST /a7^kj\ 

• CATALYST A - SUFtTACE tMPPEONAT£D RHODiUM 
o CATALYST B - l/MTORMLY DiSPMRSEO RHODIUM 



^ FSG. ¥ AVE. REACTOR INLET TEMR VS CATALYST LIFE 




• CATALYST A - 3URrAC£ /MRREGAIATED RNOD/UM 
O CATALYST 3 - UMTOHMLY DISPERSED RHODIUM 
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